Background
Results
The survival of our patients after PCI (observed survival) was slightly lower compared to the general population (expected survival) resulting in a slightly decreasing relative survival curve. In a multivariate Cox regression model age amongst others was a strong predictor of
Introduction
Elder patients with stable coronary artery disease (CAD) often suffer from multiple co-morbidities and are consequently more fragile. Accordingly, these patients experience increased rates of in-hospital complications like death, Q wave myocardial infarction (MI), stroke, renal failure and vascular complications after Percutaneous Coronary Intervention (PCI) [1, 2] . In elder patients interventional complications were demonstrated to be the strongest predictor of hospital mortality after PCI [3] . Therefor, elder patients with CAD face significantly higher initial [4, 5] but also long-term mortality [4, 6] after catheterization. Recent guidelines point out this higher risk of complications during and after coronary revascularization in elder patients [7] .
The feasibility to perform PCI safely has improved due to new techniques and treatment strategies. Accordingly, recent studies have demonstrated substantially higher technical success rates and considerably lower acute complication rates for coronary angioplasty compared with earlier years [8] [9] [10] [11] [12] [13] . This is true especially in elder patients: improvements have been achieved despite the increase of the average age of elder patients admitted for PCI and despite the growing extent of CAD in these patients [8] . As a result, an increasing number of elder patients with more severe CAD nowadays undergo treatment by PCI [3, 4, [14] [15] [16] [17] . However, recent guidelines still indicate that this group of patients is undertreated and under-represented in clinical trials [7] .
In general, age per se is a strong predictor of mortality as elder people are at higher risk to die than younger people. Similarly in patients with CAD, higher age besides other factors is a strong predictor of outcome [2] . Accordingly, specific statistical assumptions are prerequisite for correct comparison of outcome between younger and elder patients after elective PCI. The calculation of relative survival is a statistical method, which adjusts the mortality rate of a patient population with a certain disease for the "background" mortality in the general population, to evaluate the mortality rate caused by this certain disease. The survival rate adjusted for this background mortality is called relative survival. Thereby, this method allows comparing patients in different groups of age in regard to differences in relative survival. The aim of this study is to compare the relative survival of patients in different groups of age with stable CAD, who underwent coronary intervention.
Methods

Study population
This multicenter observational cohort study retrospectively included consecutive patients who underwent elective PCI at two high volume centers ( with an acute coronary syndrome were excluded from our analysis. Most of these patients suffered from a STEMI or NSTEMI and underwent acute coronary angiography. However, we also excluded patients with unstable angina class I to III [18] . Patients with significant and symptomatic valve disease and significant coronary artery disease did not undergo elective PCI but were assigned to valve repair or replacement and coronary artery bypass grafting. Between 2007 and 2009 a few patients with significant aortic stenosis underwent elective PCI before Transcatheter Aortic Valve Implantation. These patients were excluded from analysis. Experienced interventionists approved all coronary angiograms. The coronary angioplasty approach and medical treatment were consistent with contemporary practices. The survival status of all patients included in the database was prospectively retrieved from the Austrian Death Registry database (Statistik Austria) at the due day (October 31 st , 2010). After clarification of the survival status, patients were anonymized in the electronic data files by receiving a unique patient identification (ID). This patient identification was used for all analyses. The study is in line with the Declaration of Helsinki and was approved by the ethics committee of the MUW and the federal state of Lower Austria in St. Pölten. According to the ethics committee an informed consent was not required because of the retrospective inclusion of patients and analysis of their data in an anonymous format.
Data collection
Eligible patients were identified in the corresponding database of each catheter laboratory (MUW-Cardio-Report; University Hospital St. Pölten-Cathlab). Study data including baseline characteristics, co-morbidities, angiographic characteristics, and interventional results were extracted from the hospital information system (Krankenhausinformationssystem-KIS).
In addition, re-angiograms were documented for each patient. All data were gathered in a comprehensive database, which had been established in co-operation with the Center for Medical Statistics, Informatics, and Intelligent Systems (CeMSIIS) of the MUW using the Research Documentation and Analysis (RDA) IT-system. At the end of the follow-up period, the data from the clinical database were synchronized with the Austrian Death Registry database (Statistik Austria) to check the life status and to evaluate the date and cause of death of each patient who died. This database comprises information on every case of death in Austria.
OCT subgroup analysis-data acquisition and analysis
For plaque characterization we analyzed optical coherence tomography (OCT) images from 40 patients including 10 consecutive patients in each group of age. OCT images were performed after final stent-optimization. The OCT images were obtained using a frequency domain-OCT system (St. Jude Medical Inc., St. Paul, MN, USA). This system is equipped with a turnable laser light source with a sweep range of 1.250 to 1.370nm. The optical fibre is encapsulated within a rotating torque wire built in a rapid-exchange 2.6-F catheter. The OCT imaging catheters were delivered over a 0.014 inch (0.0356cm) guide wire through a 6-F guiding catheter. Before image acquisition OCT images were calibrated adjusting the Z-offset to obtain accurate measurements. Images were acquired using a motorized pullback system at a speed of 20mm/s during flush of 4 to 6mL/s of iso-osmolar contrast (Iodixanol 320, VisipaqueTM, GE Health Care, Cork, Ireland) through the guiding catheter to replace blood flow and permit visualization of the vessel. Plaque characteristics were measured manually by two independent observers. If there was disagreement between the observers, a consensus was made regarding the measurements of the plaque. A lipid plaque was defined as a low signal region with diffuse border and a maximum arc of lipid 90°. This maximum arc is an excellent discriminator of fibroatheroma [19] and together a fibrous cap thickness 85 μm identifies thin-cap fibroatheroma when combined with a fibrous cap thickness 85 μm [20] . Meassurements of fibrous cap thickness were not possible, as OCT recordings were performed after stenting. A calcified plaque was defined as a signal-poor or heterogeneous region with a sharply delineated border, an arc of calcification 40°, and the absence of a lipid plaque. Plaques, presenting as a homogenous, high backscattering region, were defined as fibrous plaques. In addition, also mixed types of plaque without fulfilling the criteria for a lipid or calcified plaque were classified as fibrous plaque. The arc angle (°) was measured with a protractor centered on the lumen. For calculation of lipid, calcification, and total plaque index we measured the arc of the according plaque in every cross-sectional frame (every 200 μm) and multiplied the averaged arc by the length of the plaque. Maximal plaque thickness (mm) was measured as the maximum distance occupied by the plaque in a line extrapolated from the centre of the vessel lumen. Maximal cross-sectional area (mm 2 ) was measured at the same place by tracing the outline of the plaque. In lipid plaques with considerable amount of fibrous content maximal cross-sectional area and maximal plaque thickness were evaluated in the fibrous section of the plaque. Examples for lipid, fibrous and calcified plaques are shown in Fig 1. 
Primary outcome
In our analysis the primary outcome was defined as survival time after elective PCI-both observed and relative (as compared with a matched normal population). Whereas observed survival gives the rate of surviving patients in an observed group, relative survival compares observed survival with the survival expected according to the age-, sex-and follow-up yearmatched population estimated from the life table provided by Statistik Austria.
Statistical methods
Continuous variables are presented as mean ± SD or median with interquartile range (IQR) as appropriate. Categorical variables are presented as counts or percentages as appropriate. Continuous variables were compared using a 1-factor analysis of variance followed by a Bonferroni procedure. Ordinal data were compared using a Kruskal-Wallis test followed by Shaffer-corrected U tests. Categorical data were compared using a chi-square test. To evaluate the impact of possible risk factors on survival, univariate Cox regression models were calculated. Those risk factors, which were available in a large proportion of patients (at least 4,900 patients) and showed statistically significant influence in the univariate model, were further analyzed in a multivariate model. To compare the cohort survival with the according age and gender matched background population, multiplicative relative survival models were used. This method compares patients in different groups of age (quartiles) in regard to differences in relative survival. For this comparison, online life tables provided by Statistik Austria were used [21] . Relative survival curves according to Hakulinen's method were plotted. Analysis was performed using R 3.0.1. All p-values <0.05 were considered as statistically significant. No correction for multiplicity was done. Relative Survival after Elective PCI
Results
Baseline and angiographic characteristics
A total of 8,342 patients with stable CAD, 2,944 male and 5,398 female patients with a median age of 66 years, underwent PCI in two high volume centers (MUW n = 3,906, University Hospital St. Pölten n = 4,436) during the observational period. The patient characteristics are given in Table 1 . Interestingly, 24% of patients suffered from a prior MCI, 17% had a prior PCI, and 9% had a prior coronary artery bypass graft (CABG). Arterial hypertension (70% of all patients) and treated hyperlipidemia (70%) were the most common risk factors. 25% of patients had a history of diabetes, with 18% of patients suffering from non-insulindependent diabetes mellitus (NIDDM) and 7% suffering from insulin-dependent diabetes mellitus (IDDM). The cardiovascular medication and angiographic characteristics are listed in Tables 2 and 3 . Sixty percent of the patients had a one-vessel disease, while 18% of the patients had a two-and 22% had a three-vessel disease. About one-fifth (17%) of the patients had a chronic total occlusion. Most of the patients (6,583 patients-79%) underwent one procedure within the observation period, whereas 1,759 (21%) patients had two or more procedures (Table 3) .
OCT substudy
Lipid plaques are most frequent in the youngest patient group. Incidence and size of lipid plaques are decreasing with age (Fig 2) . In contrast, the presence of calcification as well as the total amount of plaque burden is increasing with age. Accordingly, the highest amount of calcified plaques, as well as of total plaque burden, was detected in the oldest patient group (Table 4) .
Mortality
During the observation period 2,009 (24%) patients died. The most common causes of death were cardiovascular (56%) and cancer (18%). Of course, mortality rate rose with increasing age at a death rate from 13% (in patients aged less than 58 years) up to 44% (in elder patients aged over 73 years). Interestingly, the incidence of cardiovascular death and death from cancer was similar in all groups of age (Table 5 ). Table 6 lists the results of the univariate analysis. In a multivariate model (Table 7) age was the most important predictor of survival. The corresponding Hazard ratio (HR) of 1.043 means that an additional year of age increases the Hazard by 4.3%. Furthermore, the presence of peripheral vascular disease, IDDM, and NIDDM, prior MI, central vascular disease, and prior CABG increase the Hazard as well. In contrast, treated hyperlipidemia, family history, and prior PCI reduce the Hazard. Interestingly, a positive family history is associated with a better survival. This phenomenon may result from the fact that especially younger patients are characterized by a positive family history, and younger patients per se have a better survival than elder patients.
Univariate and multivariate results
Relative survival
The observed patient survival was worse than the expected survival based on age-and gendermatched background population (p<0.001). The difference between these two groups continuously increased until the end of the observed time period. Hence, the relative survival curve starts almost horizontally and only slightly decreases afterwards (Fig 3) . (18) 198 (11) 363 (19) 352 (20) 342 (22) <0.0001 * † ‡ ¶ -IDDM, n (%) 522 (7) 103 (6) 138 (7) 155 (9) 126 (8) Baseline and angiographic characteristics according to age
Patients were stratified according to their age by using quartiles. Quartile 1 (Q1: <58 years) comprised 2,046 patients, Quartile 2 (Q2: 58-65 years) 1,899 patients, Quartile 3 (Q3: 66-73 years) 2,090 patients, and Quartile 4 (Q4: >73 years) 2,307 patients. Baseline characteristics are given in Table 1 . Interestingly, Quartile 1 includes the highest proportion of patients with positive family history (23%). Younger patients are highly characterized by having more current smokers and having a higher level of total and LDL cholesterol, whereas elder patients have a higher incidence of diabetes, elevated blood pressure, and chronic renal impairment (Table 1) . Table 3 shows the angiographic characteristics according to age groups. Of note, the severity of CAD was distributed relatively homogenous across age groups with about 50% of patients suffering from a one-vessel disease and about 25% of patients suffering from a twoand three-vessel disease. (22) 368 (23) ** calculated with the Cockcroft-Gault formula.
Significant differences according to quartiles: 
Mortality according to age
In all quartiles cardiovascular death was the most common cause of death. As expected, most people died in Quartile 4, however the proportion between cardiovascular death and other causes of death was similar in each group. The exact figures are shown in Table 5 .
Observed and relative survival according to age
In a multivariate Cox regression model age was the most important predictor of survival (Table 7 ). Large differences in observed survival can be found between different age groups (p = 0.001) (Fig 4) . Even the second age quartile has a statistically significant worse survival than the first age quartile (the youngest patient group) with a hazard ratio of 1.59 (p<0.001). Third age quartile and forth age quartile show hazard ratios of 2.29 (p<0.001) and 4.29 (p<0.001), respectively. The relative survival of the younger population (Q1: <58 years, 2,046 patients), the elder population (Q3: 66-73 years, 2,090 patients) and the very old population (Q4: >73 years, 2,307 patients) was similar. The relative survival of mid-aged patients (Q2: 58-65 years, 1,899 patients) was significantly better (p = 0.001) than the relative survival of all other patient groups (Fig 5) . 
1637 (26) 291 (19) 489 (27) 438 (27) 419 (29) <0.0001 * † ‡ Nitrates, n (%) 1326 (22) 191 (13) 351 (20) 381 (25) 403 ( 
Discussion
Our analysis indicates that patients with stable CAD, who undergo elective PCI, have a slightly worse survival (observed) than the general population (expected survival). In our patients mortality-risk continuously increased with age similar to the general population. When stratifying patients according to their age, the relative survival of mid-aged patients between 58 and 65 years was better than the relative survival of younger and elder patient groups (Fig 5) . The relative survival of elder patients-between 66 and 73 years and above 73 years-was similar to the relative survival of younger patients below 58 years suggesting a similar benefit from PCI in these patient groups (Fig 5) . These differences are paralleled by different profiles of cardiovascular risk factors and consecutive different patterns of plaque morphology.
Cardiovascular risk factors and plaque morphology
Cardiovascular risk factors differ considerably between various groups of age. Younger patients are highly characterized by having more current smokers and having a higher level of total and LDL cholesterol. This risk profile in younger patients is also documented by other authors [22, 23] . Their higher genetic predisposition for coronary artery disease is reflected by a higher incidence of positive family history. In contrast, elder patients are characterized by a distinct pattern of cardiovascular risk factors with a higher incidence of diabetes, elevated blood pressure, and chronic renal impairment. However, they have lower total and LDL-cholesterol levels and are less frequently current smokers. A similar distribution of risk factors was recently documented in patients with ACS [24] . Recent analyses showed, that specific risk factors cause certain plaque characteristics. Current smokers are more likely to have lipid plaques and OCT-defined vulnerable plaques [25] . Similarly, LDL cholesterol levels are positively correlated to the extent of lipid plaques [26] . On the other hand, chronic renal impairment and diabetes are accompanied by an increased plaque burden with higher calcium content [27, 28] . These findings confirm the results of our OCT sub-analysis: younger patients, who were more frequently smokers and had elevated total and LDL-cholesterol levels, had higher rates of large lipid plaques compared to elder patients. These plaques, also called fibroatheroma, include thin-cap atheroma and may cause acute coronary syndrome when rupturing. Elder patients with higher rates of diabetes and chronic renal impairment were characterized by a considerably lower rate of large lipid plaques but a higher rate of calcified plaques and an increased plaque burden.
Plaque morphology and age
Age-dependent differences in plaque composition have already been described by some authors: several analyses indicate that plaque burden and calcium content increase with age [24, 29, 30] . These findings are confirmed in our analysis. Moreover, the incidence of thin-cap fibroatheroma (TCFA), defined as a necrotic core (lipid plaque) situated next to the vessel lumen, may change with age. In the PROSPECT study, which used virtual-histology intravascular ultrasound (VH-IVUS) for identification of a necrotic core (lipid pool), thickcap-FA increased in patients above 65 years, whereas TCFA were, in trend, more frequent in patients below 65 years [24] . However, VH-IVUS has been reported to overestimate the extent of a lipid plaque [31, 32] . A fact, that may especially apply for plaques with multiple components, typically found in the elderly. In contrast, OCT has a higher sensitivity (90% to 92%) to identify lipid-rich plaques [33] . Accordingly, OCT analyses found out that thick-cap FA consists of considerably smaller lipid pools but a higher amount of fibrosis and calcification area compared to TCFA [34] . OCT criteria for a TCFA include the presence of a lipid plaque with an arc > 90°and a thin fibrous cap [35] . Recent data [36] documented that an arc of lipid >80°c an excellently identify TCFA (area under the curve 0.86). In accordance with these findings, we found significant lipid plaques-suspicious to be a TCFA-mainly in younger (<58 years) and mid-aged patients (58-65 years). Elder patients predominantly had smaller lipid plaques, not fulfilling the criteria for a TCFA, embedded in large mixed plaques with fibrosis and frequent calcific components. Two reports, that compared plaque morphology in younger and elder patient groups, found similar results [36, 37] .
Possible explanations for age-dependent differences in relative survival
In younger patients a more aggressive course of disease can be assumed, as their coronary artery disease occurs earlier during life-time. Due to a high rate of positive family history a genetic disposition is likely in many of these patients [38, 39] . Compared to elder patients, higher cholesterol levels and a higher incidence of smoking result in larger lipid plaques suspicious to be TCFA. Few data reported that this patient group has a worse long-term survival [23, 40] , as also confirmed by our analysis. In elder patients the greater plaque burden indicates a more advanced stage of disease and is accompanied with a higher incidence of comorbidities like peripheral vascular disease, central vascular disease, prior MI, and prior CABG. This finding is well documented in other large observational studies [41, 42] , presumably resulting from a long history of various cardiovascular risk factors, and may enlarge the survival gap between CAD patients and the general population. Despite these unfavorable factors on long-term outcome, elder patients have a similar relative survival compared to our younger patient group. Accordingly, elective PCI can be suggested to be a useful tool to treat these patients. Another factor may contribute to the better relative survival in these patients. The acute coronary syndrome (ACS) represents a major complication during the career of a patient with CAD. Current guidelines support the use of an Table 5 . Cause of death **.
All, n = 8,342 Quartile 1, n = 2,046 Quartile 2, n = 1,899 Quartile 3, n = 2,090 Quartile 4, n = 2,307 p Gastrointestinal, n (%) 45 (2) 8 (13) 7 (2) 12 (2) 18 (2) 0,758
Respiratory, n (%) 86 (4) 11 (4) 12 (3) 25 (5) 38 (4) 0,792
Non-natural, n (%) 73 (4) 14 (6) 9 (3) 16 (3) 34 (4) 0,252
Other, n (%) 308 (16) 50 (19) 55 (16) 81 (16) 122 ( Relative Survival after Elective PCI early invasive strategy (early in-hospital coronary angiography followed by revascularization, if appropriate) for patients with moderate-risk and high-risk NSTEMI, rather than a selective approach based on recurrent symptoms or evidence of ongoing ischemia [43, 44] . Interestingly, the risk for adverse events with an early instead of a selective invasive approach decreases with age [45, 46] . Accordingly, patients aged above 75 years gain the greatest survival benefit from Relative Survival after Elective PCI the use of an early invasive approach as demonstrated recently in an analysis of a large database including more than 11,000 patients [47] . However, the same analysis showed that an age above 75 years was the strongest negative predictor for the use of cardiac catheterization. The underestimation of risk by physicians was the most common reason for choosing a conservative strategy. During the long-term follow-up of our patients this factor may worsen the outcome in elder patient groups compared to the younger. Mid-aged patients between 58 and 65 years have a less aggressive severity of disease compared to younger patients, a less advanced stage of disease and is accompanied with a higher incidence of comorbidities. These patients may gain the most benefit from treatment of their lipid plaques. Compared with medical treatment alone, PCI reduces the subsequent risk of spontaneous MI in patients with CAD [48, 49] . As the incidence of STEMI has an age-peek between 55 and 70 years and rapidly decreases thereafter [50] , patients in this group of age, with the highest risk to suffer from a STEMI, may benefit most from elective PCI. Our data support this suggestion.
Cause of death
The cardiovascular mortality of 56% in our study is in accordance with other studies, which report death-rates due to cardiac causes (not cardiovascular) of below or equal to 50% in patients with stable coronary artery disease [51, 52] . When comparing the main causes of death including cardiovascular causes, cancer, gastro-intestinal diseases, diseases of the respiratory system, non-natural and other causes between our study population and the general population [21] , the distribution of these causes is rather similar except the following two: Interestingly, less study patients died from cancer compared to the general population (18% versus 26%). One explanation for this finding may be the fact that, not surprisingly, our study population more frequently died from cardiovascular reasons, and therefore had a lower chance to experience cancer compared to the general population. In addition, the statin therapy in patients with CAD may contribute to the lower rate of cancer death [53] . Similar results, a lower death rate from cancer and a higher rate of cardiovascular deaths were reported by the authors of the GENetic DEterminants of Restenosis (GENDER) study, who also compared CAD patients after elective PCI and the general population [54] .
Limitations
As a limitation of our analysis our control group, the general population of Austria, also includes patients with stable CAD. Some of these patients do not seek help from a doctor and others are treated medically and are not sent to the catheter laboratory. These patients may have a worse prognosis to patients treated in the catheter laboratory and compared to the general population. Moreover, some subjects in the general population also underwent PCI in other catheter laboratories. This part of the control group can also be suggested to have a worse prognosis than the general population and a similar prognosis to our study population. Despite of these patients, the mortality rate of our patient population was slightly higher compared to the general population. However, the main message from our analysis results from the comparison of the relative survival between different groups of age. This comparison is not influenced by the background noise of CAD patients in the general population as this background noise can be suggested to be similar in all groups. In addition, the long follow-up includes patients with constant changes in the therapeutic and interventional strategy. On average, medical therapy of our patients is comparable to treatment regimen in studies dedicated to provide optimized medical treatment to these patients [51] . Eighty percent of our patients had been treated with drug-eluting stents and only 20% received bare-metal stents. It can not be excluded that a higher rate of drug-eluting-stents may slightly reduce the survival disadvantage of patients who undergo elective PCI compared to the total population. Accordingly, a potential improvement in survival may also slightly reduce the relative survival benefit of mid-aged patients compared to younger and elder patients. Upcoming new treatment options for additional lipid-lowering may have a more important impact. Our analysis emphasizes the necessity for therapeutic improvement.
Clinical implications
Younger patients below 58 years (median 52 years) with stable coronary artery disease suffer from a more aggressive type of disease with higher total and LDL cholesterol levels and larger lipid plaques than elder patients. More aggressive lipid lowering strategies should be implemented especially in these patients to improve survival. Further studies will evaluate if screening for lipid plaques (non-invasive or invasive) will be reasonable in these patients. Elder patients suffer from a distinct type of coronary artery disease with higher blood pressure levels, higher rates of diabetes and chronic renal impairment. These patients are characterized by fewer and smaller lipid plaques but more calcification and greater plaque burden associated with late complications like peripheral vascular disease, central vascular disease, or prior MI. Although a large network meta-analysis including more than 90,000 mid-aged patients (median age 62, interquartile range 51/69) provided evidence for improved survival with new generation drug eluting stents compared with medical treatment alone [55] , the benefit of PCI in elder patients is unclear. Our analysis clearly demonstrate that elder patients with stable CAD who undergo PCI have a similar relative survival like younger patients. Mid-aged CAD patients have a similar survival compared to the age-matched general population and a slightly better outcome than younger and elder patient groups. These patients can be suggested to benefit most from elective PCI, as they are at high risk to experience a STEMI due to a higher probability to have a vulnerable thin-cap atheroma and elective PCI may be an effective treatment to prevent this event [48, 49] . 
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